The best-known situation indissolubly linked to mosaicism is the uniparental disomy where a trisomic or monosomic zygote develops at least one cell line with 46 chromosomes. The mosaicism normal/abnormal cell lines may remain confined to placenta or persist in the embryo. Here, we describe a second situation that might also be indissolubly linked to a mosaic condition or at least to a confined placental mosaicism. We analysed the case of a mosaicism del(8p)/inv dup(8p) found in prenatal diagnosis. We had already demonstrated that the first product of the abnormal meiotic recombination at the basis of the inv dup rearrangements is a dicentric chromosome. Its breakage leads to the formation of a deleted and an inv dup chromosome. Although we had previously assumed that the dicentric underwent a breakage at meiosis II so that the zygote inherited the inv dup chromosome, our findings and those of others indeed indicate that the dicentric may be inherited in the zygote and that it might persist as such in early postzygotic stages, then undergoing different breakages in different cells leading to different abnormal chromosomes, either deleted or duplicated. Selection versus the most viable cell line(s) results either in a confined placental mosaicism with the inv dup cell line as the only one present in the embryo or in children with both the deleted and the inv dup cell lines. Phenotype/karyotype relationships in inv dup rearrangements must also take into account the influence of the other abnormal cell line during embryogenesis.
Introduction
The molecular characterization of several rearrangements interpreted as simple duplications led to the discovery that most of them were in fact inverted duplications associated with the deletion of the portion distal to the duplication. The best-known case is that of the inv dup(8p). 1 15 and the X;X or the Y;Y rearrangements leading to duplications of parts of the short or the long arm with concomitant deletion. 16 It has been assumed 1, 5 that the first product of the abnormal meiotic recombination on the basis of this type of rearrangement was a dicentric chromosome, either p-qHq-p or q-pHp-q. The dicentric, due to its intrinsic instability, would undergo an asymmetric breakage between the two centromeres leading to the final inv dup. In the case of the inv dup(8p), the breakage of the original dicentric chromosome 8qter-8p23.1H8p23.1-8qter occurs in different positions between the two centromeres with a preferential breakpoint at the level of the second centromere that became inactive (six out of 16 cases). 1 In no other case of autosomal inv dups two alphoid signals have been reported; this seems to be due to the fact that very large duplications are unviable or that the second centromere has not been detected due to the use of staining techniques inappropriate in highlighting the centromere. Previously, we had assumed 1, 5 that the dicentric's breakage occurred at the second meiotic division leading to a gamete having the inv dup(8p) and a gamete deleted for a portion of 8p. However, two recent papers 17, 18 and an older one 19 made us re-evaluate the entire situation suggesting that the breakage of the dicentric might not occur at meiosis II but that, at least in some cases, the dicentric could be inherited as such in the zygote, after which it undergoes to breakage, thus, leading to a mosaic situation of the conception's product. The mosaicism consists in a cell line containing the inv dup(8p) and a second cell line containing either the deleted 8p or other products derived from the deletion of the dicentric. The finding of a new mosaic inv dup(8p) case indeed made us hypothesize that mosaicism or at least confined placental mosaicism might be the rule for all inv dup rearrangements.
Case report A 32-year-old healthy woman was referred between the 11th and 12th week of pregnancy for cytogenetic evaluation after abnormal fetal ultrasound findings showing subcutaneous oedema in the neck region with generalized fetal hydrops associated with heart malformation. Transabdominal and transvaginal echocardiography with colour doppler flow imaging showed atrial and ventricular septal defect, dilated left ventricle and pericardial effusion. The couple decided for the termination of pregnancy at the end of the 12th week, after the finding of the 8p deletion on the direct chorionic villus sample.
Materials and methods
Cytogenetic analysis was performed on a 12-week chorionic villus sample (CVS) both after 24 h incubation (direct CVS) and after 11 days of culturing (cultured CVS). Other metaphases were analysed on slides obtained from other long-term cultures. FISH with subtelomeric probes was carried out following the manufacturer's (Vysis) instructions. Single-and dual-colour FISH analysis was performed as described. 2 BAC DNA extraction was carried out using the PhasePrep BAC DNA kit (SIGMA). BAC clones were labelled with biotin-16dUTP and digoxigenin-dUTP by nick translation (BRL Life Technologies). Signals from biotin-labelled probes were developed using alternate layers of avidin -fluorescein isothiocyanate (avidin -FITC) and biotinylated anti-avidin. Signals from digoxin-labelled probes were developed using alternate layers of mouseantidigoxigenin, avidin-alpha-mouse and antiavidin-alpha-rabbit antibodies. Slides were counterstained with DAPI (Sigma) and mounted in Vectashield antifading medium (Vector Laboratories, USA). Signals were visualized under a Nikon E1000 microscope equipped with a cooled charge-coupled device (CCD) camera and Genikon image analysis software. Genotyping of 8p polymorphic loci from the DNAs of the CVS and the parents was performed by amplification with primers (Table 1 ) labelled with fluorescent probes (ABI 5-Fam, Hex) followed by analysis on a ABI 3100 Genetic Analyzer (Applied Biosystems). Amplifications were performed with Taq Gold (Applied Biosystems) using standard protocols. Cytogenetic analysis from peripheral lymphocytes of the parents was carried out. The allele is duplicated.
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counted and in all of them the del(8) was always substituted by the inv dup(8p); no other metaphases with the inv dup(8p) ending with fluorescent satellites were found. To exclude the presence of subtelomere probes specific to other chromosomes at the tip of the inv dup(8p), FISH was carried out demonstrating that no subtelomeric probes were translocated at the tip of the inv dup(8p). Polymorphic markers confirmed that the der(8) was an inv dup(8p) proving the presence of an 8pter deletion and that of duplicated alleles at 8p21 -p22. This analysis also showed the maternal origin of the rearrangement (Figure 3 (Figure 2b ).
Discussion
We describe the case of a 12-week fetus with severe echographic anomalies showing an 8p deletion in the direct CVS and an inv dup(8p) in the cultured CVS. We could not exclude that the inv dup(8p) cell line was present in the direct CVS, since only 26 metaphases could be examined. On the contrary, in the cultured CVS, the absence of the del(8p) cell line was demonstrated through the analysis of 98 metaphases. The rearrangement originated at the maternal meiosis as demonstrated by the presence of two maternal and one paternal allele at some loci of the duplicated region of the inv dup(8p) (see Table 1 ) and the mother had the typical heterozygous inversion predisposing to the inv dup(8p) rearrangement. 2 The finding of different cell lines with a trisomy in direct CVS and normal cells (either with uniparental disomy or really normal) in cultured CVS is fairly common, possibly reflecting the origin of the mosaicism from the correction of a trisomic conception. 20 A similar situation of selecting the most viable cell line might have occurred in our case. In fact, there is no doubt that del(8)(p11.2) fetuses are less viable than the inv dup(8p) ones since no living subjects 
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have ever been reported with such an 8p deletion, whereas several cases of inv dup(8p)s are reported, most if not all of them without life-threatening malformations. 16 Although it is impossible to say whether the mosaicism we found is a confined placental mosaicism (CPM) with only inv dup(8p) cells present in the fetus, its cardiac abnormalities might indeed suggest the influence of the 8p deletion cell line on embryo development. Heart defects are rather rare in inv dup(8p) cases, whereas they are quite common in deletion of the terminal end of chromosome 8p typically in the form of atrial ventricular septal defects. 21, 22 This type of defect in two large unrelated families provided strong evidence for the involvement of GATA4 at 8p23.1. 23 GATA4 is in single copy in the inv dup(8p) chromosomes, 2 whereas it should be deleted in the cell line with the del(8p). In fact, the fetus we studied had a cardiac septal defect. Mosaicisms similar to that described here have been reported three times, twice in two children with dysmorphic features and mental retardation 18, 19 and a third one in prenatal diagnosis. 17 In the latter case, a mosaic karyotype 46,XX,i(8q) /46,XX,del(8)(p11.2) was found in direct CVS, whereas in the follow-up amniocentesis only metaphases with the inv dup(8p) had been found. The authors suggested that the mosaicism del (8) (8) contained a portion of 8p present also in the inv dup(8p), thus, demonstrating that they were not the one mutual of the other as expected if they were formed by breakage of a dicentric chromosome. Based on this observation, they concluded that the inv dup(8p) originated at meiosis, whereas the 8p-originated by an independent terminal deletion event. We think that the inheritance of a dicentric chromosome to the zygote might indeed explain all the mosaicisms found in the published cases and in our case.
We have only to assume that the dicentric chromosome is maintained at least in the cells of the blastula, then undergoing different breakages in different cells leading to inv dup(8p)s with different duplicated regions and to del(8p)s with different deleted regions. Since telomerase activity is present in the early stages of fetal development, 24 the broken derivatives of the dicentric chromosome can be healed. Cellular selection favouring the cells with a less severe aneuploidy over those with large duplications or deletions is expected to occur as it is known to occur against trisomic cells. 25 -28 The isochromosome 8 in some cells of Soler's case 17 and the three cells of our inv dup(8p) having satellites at its tip seem to indicate that the dicentric 8 with both the centromeres still active could have been maintained for a certain duration along embryogenesis. In fact, it seems likely to assume that the isochromosome was formed through the fusion of the two chromatids in a neoformed deleted chromosome 8, which could not be healed by the telomerase any more due to the switch-off of its activity. Similarly, the satellited inv dup(8p) might have been formed later in respect to the nonsatellited inv dup(8p) so that it was stabilized by the telomere capture of the short arm of a D-or a Gchromosome. The same situation was reported in an inv dup(8p) stabilized by telomere capture from 18q. 29 The importance of the findings we discussed here relies on the fact that such mosaic situations with two or more cell lines, all with a different abnormality of the same chromosome, might not be rare. Beyond the three cases with the inv dup(8p)/del(8p) mosaicism, 17 -19 we were able to find in the literature four 5pÀ/5p þ cases ( 10 ; one studied by us) and several cases with a mosaicism consisting of a cell line with a dicentric isochromosome and another one with a deleted chromosome. Examples are three 18pÀ/18p þ cases, 30 -32 one 18qÀ/18q þ case, 33 two
XqÀ/Xq þ cases, one of them associated also with a 45,X cell line, 34, 35 several cases of dicentric Ypter-q11 that are frequently mosaic for a del(Y)(pter-q11) cell line. 16 In conclusion, our findings suggest that (1) mosaicism might be rather common in chromosome rearrangements consisting of inversion duplication associated with distal deletion, that is, in those rearrangements having a dicentric chromosome as the first product of the abnormal meiotic recombination; (2) the timing of the dicentric breakage may be placed in early embryogenesis rather than at the meiosis II and (3) phenotype/karyotype relationship in inv dup rearrangements must also take into account the influence of the other abnormal cell line during embryogenesis.
